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\^X:k%\^mti^ t jfe < mi: Al (o. l~0. 2 ^t^io Ufc^iliffi^feo # 

f&ff^lcSee Ul^m. i6o #^4:11^-^5 r -emit $tLS, 

'a-t&'fk^i8llMI&«)o#^tR<^ie>o#®W:x Fe Zn <O^SMWi:\^X*)m^^fl^ Fe 
-Zn-a-^feffid^PjJ^iiSo «>o#S Fe "^^^01tV> Fe-Zn 

♦ 

■B-'^^tm^l^. t^®{|||lJ:V>< LfcA^o-C Fe -^Jft'^0^£V^ Fe-Zn -g-t^+BdS 
?^^$3xSo ^':>^mtmUm^t(0^-mj&m^m^^^^ Fe-^^^©i^V^Fe-Zn 
-a-^^a (^?ij;t« r*B> ri*B) «:^SC-??lifev>fc4?). iaSJ2:i?<?^^i-5i; 8t>o%«a: 
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Fe-zn -a-^^g-efc^ i t K^rnvx. ib^%mtmumm(o^m\cis}if?>iib':>^m<o 

_h$*5*■^fe;&SS>^rtfeWSnTV^5„ m^t£. WWXmiX\^s_ ©ItJJiC :0. 006 ® 
4%£;T<0«i4£^^ I Fig (Interstitial Free Steel) Sr^ll b:fc#-g-lJ:^4'lJ: Si, 

mWX^2XtS:. #*tJJ:P:0.010~0. 10®g:%, Si : 0. 05~0. 20 a*%^Sr-^ 
^U. ;6*-oSi^P>lrt^J8:-f-5P^Jni9^^ffiUfc#-a-lJ:. *o #^J^(7?i^*|4dSl&lJb 

$ btJlv #W:S:M3 ^*tlc:C :0. 05~0. 25 »%©ffi^mS9Sr^ffi Si. Al 

5, #l^:fcilfe4i3j;t55lj:«:, «)o#S*^*u/t!^©^;K^®053|a$;6S 10 

P|^5n^Jj:oVNTfeo^%I^J|g^*^©^^®©)ia$ Rz 12^Rz^0.0075 • Sm+6. 7 
Rz iiim). : 10^spj^3&^, Sin (mhi) : BfltOjc^spi^MPS) i-TSSWiS 
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#fF0 3163986 -i-^^ 




• #fFB 2993404 #45^^ 




: #li 2001-335908 -^^^R 




: m^f^ 2638400 -^-^^ 


#fF:s:m5 


: #fF0 2932850 -^^^^^ 




: #fF^ 2976845 ^<km 



y 0. 5 ix mO/N-r z-?;^ y w /V^' Sr;6*ttTa!i;t S ^xSSMWItifc Sdr *5 2. 0% 

(III) ±|B(I)*fctt(II)l!:^oV>T. mmmilimWm&%'^. C :0.25%£;T> 

Si : 0.03-2. 0%*3 J: t^P : 0.005-0. 07% .Sr-^^U. ;5>o, T^(l)S;^^JS:i-sm^ 

• ■ IB . 

[C] + [P]^[Sij (1) 

EC]. [P]:i3J:t)5[Si]«:, ^n^fi,mifim^^(OC. P:feit;«Si o^-^^fiTS 
(®S%) «rlc!*-r5o 

(IV) _h|a(III)l2:i3V>r. tuia^*t^tRfc«)o#®^#*$^-5iEBtFcr)^pg-C. 
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(V) jtiB(iii)*fc}i(iv)i2:*3v>-c. m^^muT(Dmm}^KSi (Dm^tm^mT^^i 

(VI) ±IB (III) . (IV) ^fcfi (V) ^^:*5V^T. «ulB^*<r^;K*s. ^hKMMVo-^. 
Mn: S%&.T. S : 0. 01%eilT43 itJ^ Al : 0. 08«^£;TS^'&#:f-Sim^7?fe5 ^ t ^# 

(VII) ' J;|B(III)~(VI).OV>-f*v*> 1 3S{3:*5V>T. ttfia^*til=K*5, 

Ti :0,2%]^T. Nb : 0. 2%&,T^ iiXJ^V : 0. 2%WT<^)»f'^* fe^^ UlTcl fctt 2 @ 

(VIII) C : 0. 25%£iT> Si : 0. 03~2. 0%*5 itJ^P : 0. 005—0. 07%^^ 
$^^:&V^i 5 fJiWa^taUi/t^, ifemSSE : 0. 005vol%|SJlTO#H^4'-Ci?)o#?aSE* 

20^:/ s si±(D^m.ms^-v 46o~6oo'c©ms®Hi;:5nf^ r (Dmmmmmmx-^w 



IB 

[C] + [P]^[Si]. (1) 

[C]. [P]43it;?[Si]r4. •?rtb^*T,iJltt^*Rif»Oc/p*5J:TJ?Si oj-g-^s 

(IX) ±m(yiu)Kis\,^x. tammummni^. ^^i<i^Si%X'. Mn: 5%iUTx s : 

(X) ±:|B(VIII)*fcf*(IX) ^J:43V^T. $ P>{2:K:a%rT?, Ti : 0. 2% 
£AT. Nb : 0.2%iJiT*5J:t;^V : 0. 2%£iT©^t»d>?>S*5lUyS: 1 sfi^feW: 2«£;tJi<£-^ 

^•rsm^-^fe?) . $ f^\^ti!m^m.^mi:mumm.^<D si -g'«*sTiB(2)^^«!sjE. 

IB 

ST^3. 25/[Si] (2) 

au. S;4'<© ST f:i#ia3iS ("C/s) XM. [Si]fi^;K«f © Si -^^S (K 
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1 IHlifliA^ 

2 ^ . 
3 . 4 111 

5 #t^$t 

6 mmm 

8 

10 Dfl)l^t&M 
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11 tOi^^M 

12 . 

13 

14 

15 Lfc>J¥$;t 

16 — K#^M 
17 

iiaiOjif^sr^i-jfeigMm^gim^ (SEM) -T?mi^jLfcNF©sEMi?K-efc5, 01 -a-tfe- 

^*-efe5o 02«, 'a':&'fb^ll!M^feo##i;K<^>»f®^WIiU. 0. 1 S4%:^-f ^?'- 
(omm^m.^mm^mmmi (sem) m^*>5VNttSiiai!m^mm^ (tem) m^-rs;:: 



wo 2004/070075 ^^PCT/JP2004/001209 

7 

L (^;tff 0.5/ini) (Of^xm^T>mOnmU±Xhflt£^ 0. 5/i m£ilTOtry^p-C 

wm^v {^nmn^>^< thm^ 5000 ^^^ji-eiw^i-s^o^ri-So ) ^ ^:055*>^ 
;t5o i:HSr'ft'ico«)o#if®iJ:ov>-c 5iHi^tv\ ±nmm (20x5=100) icM-rs 

mmt<omm^z^-t, 04d»e>x t^j»i3feiyi(ni©d&*5§!i-a-a5io%£;_h-efc5fc, «>o 

Sdr 2. 0 £A JiT' fe S ^ Sr#m i f 5 J6 o t i^*tt(J:^n^c-g':^'fb^®lffil&«) o # ^ 
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mi^l^M'^X't?>^mtVX. MMffi^Jt Sdr le:* S bfco J^HS^it (Developed 
interfacial area ratio) \±M^Mi$i\^iSi'f ^mi!h(0^\t^W-^(OmW^Mir^M^<0 

MM®llifc(Sdr)= (A-B) /BxiOO (%) 

?^5i^«?=W^<lrm\ Jgli'ffi^it Sdr ^^fel/ho ?^H^»f^tt>!jPiimiBE 15 kV IcT^tVn, 
10000 ^O^l? (^1?®^ : 12MmX 9 /tm) 1200X900 ^^O^^tgT?^ V) iiJJ^^, 

T*J?>fCo iSJs ;^c^S^^V>yti^$;^|Fij©;KiElC(*, i^m<om^m^mxh?> HIST 
\^ h VLSI ;^^>'^- KttoM^f^C. i/t^^^mmm.^mi&mt:M0it Ufc 

SHS lEjgJ^il;^^>'^-K (^^.ISnm. 88nm. 450nm©3a) ^ffiV>yfco 

fj^-e^ta^^T^cofdo mioizm^m^^^o mioia)i^mmi^^^u atigim) . m 

itt^mt^ 1. 7%. 3§ig«ai;&s 2. 5%i?fc U X liilfe*5 J:tJ« Sdr ^tttJ:9gillg35:^m35S3StT.XV>5o 
r©®^Jj:*5»tS Ra W:, Jt|j!«^;6S 0.0053lMm. mmMt^ 0. 00547m mT?fe , 
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^*^^«f*«S%-e. C : 0. 25%£tT. Si : 0. 03—2. 0%*5 itJ^P : o! 005~0. 07% 



C : 0. 25%£iT 
Si : 0. 03~2. 0% 

Sr?^^$^57c^-cfcSo ^^tt^sgy^ds. Si 0. 03%?jc?ii-ef*. j^i^bfciig 

mm U3&V>^ t ;6SM* b < , Si -^^SdS 2. 0%j®;t-C», a?)o #J5eittt©I^JbS6*dS 

Si -g-^SM 0. 03-2. 0%<^1^H t r d^i? * UV\ 
P : 0.005~0. 07% 



IB 

[C]+[P]^[Si] . (1) 

(au. [C]. [P]:feJ:tl^[Si]«:. ^i^■=e^^^*^^B^R'^»OC. P*5 it)? Si ©-^^S 
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mu. [c], cp]*5it)«[si]fi, ^Mnmum^'p(oc^ F^x-asi (o-^^^m 
p ^^^mua-f- St. * o # ^ mumm t ©#® ufc ca ibu<om^t:nm u , 

Slzitt. C i P®^in*lJ:;£:DX_blH(l)^le:^Ufc<t 5 tJ: Si m;!J^»t>^^rSi£^^§l 

Mn : 5 %EJiT 
S : 0. 01%£;T 

5J?*t#i«O^PX14;0SiSTi-SffilRldSfcS, ior. s-^^r»}i 0. oi%ij;Ti:-?-s ;i i 
.Al:0.08%etT 



[C]+[P]^[Si] (1) 
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m < (O-r*, Ai -^^firSli 0. 08%JSJlTii-'5 1 1>mt^ bVN, /i*3, iftm^rfli UTOf^^ 

Wi^«r?^^b> ^*^^fetrIi55tS'fk1-S-i:?>5-et 5= -^"C.. Ti. Nb is J:t;?V<35# 
^^5r0.2%J;!9 ;fc^<i^ip-r5^:^ ^JnXl4dS|a*^*i.SMlHldSfe5fcie). Ti, Nb *5 

Ti. Nbi3j;t;?V©4»d*e>31^Ufcl«*fc«2@£;_hSr3ift^SP"rSi:. @ 
i:^t;«oVNT. Fe- (Ti, Nb. V) -P©i!fcSSH3&*fW4^&'?^^U -gpoH^P 
Sr*lW'fki-S;:ia::55-T?#5o ^«>3fe*x Fe h Zn <^ti2SfeSi:S;S4-iaStJ:31M$*S r 

^1i^^\Z.\t. ^^'©P-g-«Jc^&D-CTIB(3)^^^JE-f-5 Ti. Nb*3j;t;«V0 15tt^ 

[Ti] + [Nb] + [V3^[P] . . . . ' (3) 

[Ti], [Nb]. [y]*5j:t;?[P]tt, ^fl^nmUm^^cOli, Nb. V^SitJJP 

JS;Ji3z&^fe^^^^'t'©^5^£;^.© Cr, Mo. Cu. Ni. Ca. N. Sb^O^^tJlo 
Cr : 0. 5%SIT 
Mo : 1. 0%JSiT 
Cu : 0. 5%Sk~f^ 
Ni:0.5%£4T 
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Ca : 0. 01%^T 

0. OWoSlTHm-^ V\r\ 
B : 0. 003%£JIT 

N : 0. 01%fi4T 

Sb : 0. 05%£;T 

:i^mmx-]-i:. mum^(D^m^^\'X. JIS Z2201 ^c^J^$t^:rc5-^f^;^;^-^^ 
ffib, JIS G 3302 lC^^$tb]fe5l3Sf^^;&-ife'eafl;tbT440MPa£tJit?fe5r.idS^f 
*UV.^« ^#^*R^5l3g3t$dS 440MPa £tJh(^lt55g;^^;K ir-TS ^ ^ t?. SKimx 
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9 V ^UMU^mco^'tr—/]ynm7u^if:i. ^<D^(D^mm.§&}^^^Kmvtc^^'iikMi: 
^ 1? o -c ^> m^m \z^mmt ^t^^ m^a^ feu. ^mi^^itvx m^tm ^m^-r s ^ 

315c^Sr;£^S^S^a:T. Si <omUmmm'{i:.^nM\ir^:i kif^X% il^'fki*^ 

n^x. #(j:RSJfei-St>©T?«^cv\ Pi^'fbWfe^ffl^i: UTf*. «aj;tri. 11^:0.01- 
0.5vol%. : -20*0- + 20*0 Sr-g-^^ a§P*S^^d^fe jfc »9 . iS^ : 300~500'C©# 

titiss. mmitmw^m%^xm^^m^m^\:,^'i:xm^^m:^'ir—/i-^^^v. ^\,^xm 
7n^^m%^xm^\^xmummizim7€m^^^^'t?>t. mm^tn.^m^x^^vrc 
Femmn. ^<m7cik^m^fpx<Dm^xm^^n. si^^mfimycm^mm.<^x 
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.#^^:f^®Sr:R«$^^fcV^o-e|5R^$J^fj^v^ zKlg : 3~20vol%, mU^m(OW^ 

o#?^mf*450~500'CMi ie)o#ISt»0 Al.?SSf±0. 10~0. 15Kfi%i:-^5© 

^ittiimx(DMmM(D^m.^&tm^mwi^(h si ■^«:5STfa(2)^4-t^jg:-r5 j: 5 
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ST^3. 25/[Si] 



(2) 



>6o#^^^#^^E©#®i::g|^-ejlIfeV>Fe-Zn'g-ik4B (^aj;trf r ffi-l' n *B) dSjfi 

(Inductively Coupled Plasma) m^^^^^mx^mi^ir^ :i t ^ o 

«)o #® 4^0 Fe ^^^^ 8-13 «»%lJ:M»1-^^ife{i#(c|JS;^^5 ^>(^X:«nfcV^ 

mx^^mom-^. «)o#^4»©Fe-g'^^4-8~i3s^%iJimsEi-sjc«, snf59c? 

dSfcS^i:;^^^. 460'CeiJb;5S^g:^ UV\ 600*0 5^-^. feo^g^^;^- 
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$ : 1. Omm<^?&M^^Rt i|g r .TOmm, : ISOmmtC^J *) tbj UT®;^ : —30*0 
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m 




mts.0Si ( 












No. 


C 


Si 


Mn 


P 


aoLAl 


S 


l.A 


0.03 


0.1 


2.2 


0.065 


0.03 


0.003 




IB 


0.08 


0.1 


0.5 


0.01 


0.029 


0.003 




IC 


0.08 


0.25 


2 


0.01 


0.042 


0.003 




ID 


0.08 


0.2 


2.6 


0.015 


0.035 


0.003 




IE 


0.03 


0.6 


2 


0.01 


0.05 


0.003 




1 F 


0.08 


0.2 


2 


0.01 


0.041 


0,003 




IG 


0.08 


0.6 


1.95 


0.01 


0.045 


0.OO3 




IH 


0.15 


0.8 


2.6 


0.012 


0.065 


0.003 




1 I 


0.1 


0.25 


2 


0.016 


0.029 


0.003 




1 J 


0.03 


0.25 


1.6 


0.03 


0.033 


0.003 




IK 


0.16 


0.2 


0.8 


0.01 


0.041 


0.003 




IL 


0.25 


0.3 


0.8 


0.012 


0.041 


0.003 




IM 


0.03 


0.5 


1.6 


0.02 


0.036 


0.003 




IN 


0.003 


0.02 


0.28 


0.02 


0.031 


0.003 




lO 


0.002 


0.02 


0.09 


0.014 


0.04 


0.003 




1 P 


0.15 


0.05 


1.2 


0.012 


0.039 


0.003 




IQ 


0.15 


0.1 


1.2 


0.012 


1.5 


0.003 




IR 


0.05 


0.02 


0.8 


0.008 


0.055 


0.003 




IS 


0.018 


0.02 


0.18 


0.01 


0.033 


0.003 




IT 


0.01 


0.1 


1 


0.075 


0.035 


0.003 




lU 


0.004 


0.02 


0.14 


0.021 


0.045 


0.003 




IV 


0.08 


0.07 


2 


0.01 


0.06 


0.003 




IW 


0.002 


0.02 


0.3 


0.035 


0.033 


0.003 




IX 


0.12 


0.1 


3 


0.015 


1.5 


0.003 




1 Y 


0.08 


0.05 


1.5 


0.03 


0.041 . 


0.003 
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#ffl^ : 5vol%7k^ + ^^ (Mjk ' -35X:) 
iljlrl^l^K : 20 #^ 

mm.^ : zn+0. 14 mM%ki (Fe mm) 

mU : 460"C 

}fyo^m(DWifM. : 460*0 

«>o#Etu<^>#ffl^4'©^*|g^ : ^2lj:|am<^)^f1= casus vol %7k^+^^ (SI 
M, : -35*0 ) 

#e>*L:fe«)otffl;Kfas ii)o^®«f ICAI : 0.2—0.5 Fe:0.5~2M%* 

izi^f 1 1 1> icfFflSl^m^^ 2 lJ:#|2ir5„ 
<#®Ilfli!}j*l'a-> 

m^hthiti^<3^mmc:ts\f^iif>o^mtm^(D^m<DWrmt:. sem (tem^^^) 

(%) i Ufco 
<JIIIB®SIJtSdr> 

«>o NaOH^ NaCl^ h ]) / — yVT $ >'i^#tf'T/V* y -tt^^^ttJ-ejfem 

Km\^t^o j^vtm^m^mnmmm i5kv Kxn^^. .10000 ^<^^sf (.nm-mmutim 

X9^in) Sr. 1200 X 900 ^O^^^Ig-eSt?)^;?)^, T^-iJ'^a.aicr^TJ&ofc. JgHS^Jt 
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:*:iS«iSrffiV^fci^^;fyI^<^^E^c^i, :*H<oHS:?9F^i^llT?$)5 NIST \z. h V— 1^ 
zf/i-fS: VLSI X ^ -y^^ moMMS;. 3te#^^®asa!lJtmSr*f^ Ufc SHS nWkWL 
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#^^ttlofFflii&-^T5^j;5 fctlJ:. £i^T^^:^i-^e>o#iiS^^±3*5j;tJ^4<^>f|^«^^:ov^ 
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7. »*^3~6 0V^-ft^.^>l«^^:*5V^T. HtrlB^^t^;K35S, ^ ^i^nM%X'. Ti : 
8 . ®S%-e^ C : 0. 25%SkT^' Si : 0. 03~2. 0%*5irJ«P : 0. 005~0. 07%^"^^ 

m ■ 

[C] + [P]^[Si] (1) 

9. f»^«8^^:^3v^x. mmm^mm^. ^ib\^^m%y. nm 5%&.t^ s : 

1-0. f&^^8*fc»9K:*5V>-C. faiB^*t#i«dS. Ti : 0.2%£l 

T. Nb : 0.2%aT^i:X/V : 0. 2%iJJlT©4'd*feM^Uy5: 1 2ajiJ^_b^-g-^ 

•rsmfife-efc ^ . ^ fjf^HifiB^Ma^i^^^^^tf^^ si -g-«:asTia(2)s?;^^s-r 

ST^3.25/[Si] • • • • • (2) 
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